3-Indolyl perfluoroalkyl carbinols with perfluoroaliphatic fragment (R F ) of different structure are of practical importance as precursors for preparing different biologically active compounds [1] [2] [3] [4] .
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3-Indolyl carbinols with R F = CF3 are the most frequent in the literature, while carbinols with R F = C2F5 are known to a much lesser extent. Among the known methods of synthesis for these compounds, one should emphasize the reduction of 3-acylindoles [5] [6] [7] , addition of Ruppert's reagent to indole-3-carboxaldehyde and its derivatives [8, 9] , addition of perfluoroaliphatic aldehydes and their derivatives to indole under the action of different catalysts with opportunity to obtain of enantimeric pure 3-indolyl carbinols [10] [11] [12] , and hydroxylation of indoles with polyfluoroalkanols in the presence of radical initiators [13] . Several papers reported non-catalytic reaction of trifluoroacetaldehyde with indole at ambient temperature [14] or upon heating [15] . There are no examples in the literature for the reactions of indoles and aldehydes with long-chain perfluorocarbon fragments; therefore, the study of these reactions extends the possibility of synthetic use of perfluoroaliphatic carbonyl compounds.
In this work, we have shown that the reaction of indole or N-methylindole with perfluoroaliphatic aldehydes under an inert atmosphere in the absence of any catalysts leads to formation of the corresponding 3-indolyl carbinols (1а-с and 3а-с) in 41-69% yields. Perfluoroaliphatic aldehydes, especially with short perfluorocarbon chain, are known to be volatile hygroscopic and light-sensitive compounds; therefore, the reaction was conducted in the dark under an inert atmosphere at reduced temperature. Furthermore, the careful selection of solvent allowed the maximal simplification of reaction product isolation. Thus, on the use of methylene chloride-hexane mixtures in different ratios (from 1 : 1 to 3 : 1), 3-substituted derivatives commonly precipitated from reaction mixture and required no additional purification.
It should be noted that the reaction of perfluoropropanal with unsubstituted indole led to 3-indolyl carbinol 1a as the main product along with compound 2a as a byproduct resulting from the condensation of second indole molecule. In synthesis of 1b,c the same byproducts wasn't obtained. This phenomenon can be explained by the fact that 1b,c precipitate from reaction mixture and 1a remains in solution increases the probability of it's reaction with second indole molecule. In its turn, the reaction of N-methylindole with appropriate aldehydes gave rise to formation of only 3-indolyl carbinols (3a-c) in good yields (53-65%), which considerably decreased when the reactions were carried out in air.
As already noted, the use of perfluoroaliphatic aldehydes, especially shortchain reagents, requires special conditions to store chemicals and conduct reaction. Therefore, we examined the possibility to use more stable perfluoropropanal methyl hemiacetal in the studied reactions under the same conditions. It was found that the reaction resulting in compound 1a (according to TLC data) proceeded under standard conditions at low temperature (-15 о C, methylene chloride-hexane = 3 : 1, 3 days) very slowly but afforded no byproducts. At the same time, reaction rate increased upon warming to ambient temperature, a marked amount of unreacted indole remained, the yield of 1a rose to 15%. It can be explained by presents of methanol, formed from hemiacetal during the reaction. An finally, complete indole conversion was achieved upon heating of a mixture of indole with the hemiacetal in 1 : 2 ratio up to 45°C in a glass autoclave in the dark for 30 h to give a mixture of compounds 1a and 2a in 2 : 3 ratio (total yield ~70%). The considerable growth of the share of compound 2a in this case seems to be caused by increase in reaction temperature and by the fact that product 1a did not precipitate and therefore it could more probably react with second indole molecule.
Thus, in this work, we have shown the fundamental possibility of non-catalytic selective hydroxyalkylation of indoles with the use of perfluoroaldehydes under mild conditions; the obtained 3-indolyl perfluoroalkyl carbinols can be used in the synthesis of biologically active compounds.
Experimental
NMR spectra 1H and 19F were recorded on a Bruker AMX-400 and AMX-300 spectrometer with frequency 400.13 and 376.50 MHz at 20°C. Chemical shifts of 1H and 19F were determined relatively to proton signal of solvent (dmso-d6) and trifluoroacetic acid (TFA) as external standard.
Mass-spectra (EI-DIP) were recorded on mass-spectrometer Finnigan Polaris Q, ionization energy -70 eV, procedure of sample injection -DIP.
Monitoring of the reaction course and purity of products were controlled by Merck Kieselgel 60 F254 plates. For column chromatography silica gel (MN Kieselgel 60) and aluminium oxide (neutral, 100-200 μm) were used.
Reagents and solvents: dichloromethane (DCM was dried under CaH2 and distilled. Indole was purified by recrystallization from hexane, N-methylindole was distilled before use. Fluorinated aldehydes were distilled under conc. H2SO4 before use. Perfluoroaldehyde hydrates and perfluoropropanal methyl hemiacetal were purchased from "P&M Invest". 2,2,3,3,3-pentafluoro-1-(1H-indol-3-yl)propan-1-ol, 1a . Typical procedure. Compounds 1b,с и 3а-с were obtained by the same way. Reaction time varied from 1 day (for 1b and 3b-c) to 4 or 6 days for 1с и 3а respectively. Compounds 1b,с and 3а-с are white or light-yellow solid and precipitate from reaction mixture. 2,2,3,3,4,4,5,5,5-nonafluoro-1-(1H-indol-3-yl) 28 (s, 3F, CF3) . MS (EI-DIP), m/z: 69.1; 91,1; 118.0; 131.0; 145.9; 150.9; 177.9; 328.0; 346.9; 364.9; 393.9. 2,2,3,3,4,4,5,5,6,6,7,7-dodecafluoro-1-(1H-indol-3-yl) 3a (2,2,3,3,3-pentafluoro-1-(1-methyl-indol-3-yl) propan-1-ol): reaction time -6 days, 0.18 g of 3a was obtained as white solid, yield 65%. 1 3c (2,2,3,3,4,4,5,5,6,6,7,7-dodecafluoro-1-(1-methyl-indol-3-yl) heptan-1-ol): reaction time -1 day, 0.27 g of 3c was obtained as white solid, yield 59%. 1 2,2,3,3,3-pentafluoro-1-(1H-indol-3-yl)propan-1-ol, 1a .
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To 1 ml of indole solution (1M in DCM) 1 ml of perfluoropropanal methyl hemiacetal solution (1M in mixture of DCM and hexane 1:1) was added under argon, and kept under rt with protection from light for 4 days. Monitoring of the reaction course was made by TLC (silica gel, DCM). After purifying by column chromatography 0.04 g of compound 1a was obtained (yield 15%), and significant quantity of unreacted indole was remained.
If the reaction carried out in glass autoclave at the ratio of indole:hemiacetal = 1:2 and heating to 45˚С, compound 1a will be obtained in yield 45%. The other reaction conditions -reagents concentration and solvent -were the same, the reaction time was 30 hours. But the byproduct 2a was also obtained in this conditions in yield 49% relative to indole.
